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(54) Composite member, its separation method, and preparation method of semiconductor 
substrate by utilization thereof 



(57) In order to separate first and second base sub- 
strate without cracking them, and use a damaged base 
substrate again as a semiconductor substrate to en- 
hance a yield, there is disclosed a preparation method 
of a semiconductor substrate comprising the steps of 
separating a composite member formed by bonding the 



first and second base substrates to each other via an 
insulating layer into a plurality of members at a separa- 
tion area formed in a position different from a bonded 
face to transfer a part of one base substrate onto the 
other base. A mechanical strength of the separation ar- 
ea is non-uniform along the bonded face in the compos- 
ite member. 
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Description 

Background of the Invention 
Field of the Invention 

[0001] The present invention relates to a composite 
member, its separation method and a preparation meth- 
od of a semiconductor substrate, particularly to a com- 
posite member having inside a fragile structure with a 
low mechanical strength, its separation method and a 
preparation method of a semiconductor substrate. The 
present invention is particularly suitable for a prepara- 
tion method of a substrate (SOI substrate) having an 
SOI (semiconductor on insulator) structure as a type of 
semiconductor subsiraie. 

Related Background Art 

[0002] A device using the SOI substrate has various 
advantages which cannot be attained by an ordinary Si 
substrate. For example, the advantages are as follows: 

(1) a dielectric is easily separated, and the device 
is suitable for high integration; 

(2) the device is superior in resistance to rays; 

(3) a floating capacity is small, and high speed op- 
eration of elements is realized; 

(4) a well process is unnecessary; 

(5) latch-up can be prevented; and 

(6) a complete depletion type field -effect transistor 
can be formed by thinning films. 

[0003] Since the SOI structure has various advantag- 
es as described above, researches concerning its form- 
ing method have been advanced these several dec- 
ades. Known as a conventional SOI technique is an 
SOS (silicon on sapphire) technique tor forming Si on a 
single-crystal sapphire substrate by hetero epitaxial 
growth in C VD (chemical vapor deposition) method. The 40 
SOS technique has been evaluated as most matured 
SOI technique, but has not been put to practical use be- 
cause of a large amount of crystal defects caused by 
lattice mismatching in an interface of an SI layer and a 
base sapphire substrate, mixture of aluminum constitut- 45 
ing the sapphire substrate into the Si layer, substrate 
price, delay in area enlargement, and for other reasons. 
[0004] Following the SOS technique, an SIMOX (sep- 
aration by ion implanted oxygen) technique has ap- 
peared. Concerning the SIMOX technique, various so 
methods have been developed aiming at reduction of 
the crystal delects or reduction of manufacture cost. Ex- 
amples of the methods include a method of injecting ox- 
ygen ions to a substrate to form an embedded oxide lay- 
er; a method of bonding two wafers via an oxide film, ss 
polishing or etching one of the wafers, and leaving a thin 
single-crystal Si layer on the oxide film; a method of im- 
planting hydrogen ions into a predetermined depth from 



a surface of an Si substrate with an oxide film formed 
thereon, bonding with the other substrate , leaving a thin 
single-crystal Si layer on the oxide film by heating or an- 
other treatment, and peeling off the bonded substrate 
5 (other substrate); and the like. 

[0005] A new SOI technique has been disclosed in 
Japanese Patent No. 2,608,351 or U.S. Patent No. 
5,371,037. In the technique, a first substrate obtained 
by forming a non-porous single-crystal layer on a single- 
io crystal semiconductor substrate with a porous layer 
formed thereon is bonded on a second substrate and 
these substrates are bonded, then unnecessary por- 
tions are removed, so that the non-porous single-crystal 
layer is translerred to the second substrate. The lech- 
*s nique is superior in that the SOI layer has a superior film 
thickness uniformity, 3 crystal defect density of the SOI 
layer can be reduced, the SOI layer has a good surface 
flatness, a manufacture device with expensive and spe- 
cial specifications is unnecessary and that SOI sub- 
zo strates having SOI films in the range of about several 
10 nm to 10 um can be manufactured with the same 
manufacture device. 

[0006] Furthermore, the present applicant has dis- 
closed a technique in Japanese Patent Application Laid- 
2S open No. 7-302889. in which after first and second sub- 
strates are bonded, the first substrate is separated from 
the second substrate without being coDapsed. a surface 
of the separated first substrate is then smoothed, and a 
porous layer is formed thereon again, so that the first 
3o substrate is reused. An example of the proposed meth- 
od will be described with reference to Figs. 12A to 1 2C. 
After a surface layer of a first Si substrate 1001 is made 
porous to form a porous layer 1002, a single-crystal Si 
layer 1003 is formed on the layer 1002, and the single- 
crystal Si layer and a main surface of a second Si sub- 
strate 1004 separate from a first Si base substrate are 
bonded to each other via an insulating layer 1005 (Fig. 
12A). Thereafter, a wafer bonded via the porous layer 
is divided (Fig. 12B), and the porous Si layer exposed 
to the surface of a second Si base substrate is selec- 
tively removed to form an SOI substrate (Fig. 12C). The 
first Si substrate 1001 can be reused by removing the 
remaining porous layer therefrom. 
[0007] In the invention disclosed in Japanese Patent 
Application Laid-open No. 7-302889. the substrate is 
separated using the property that the structure of the 
porous silicon layer is more fragile than a non-porous 
silicon. Since the substrate once used in preparation of 
the semiconductor substrate can be used again in prep- 
aration of the semiconductor substrate, the cost of the 
semiconductor substrate can effectively be reduced. 
Moreover, in the technique, since the first substrate can 
be used without being wasted, the manufacture cost can 
largely be reduced. Additionally, the manufacture proc- 
ess is advantageously simple. 

(0008) Examples of the method for separating the first 
and second base substrates (base plates) include pres- 
surizing, pulling, shearing, wedge insertion, thermal 
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treatment, oxidization, vibration application, wire cut- 
ting, and the like. Additionally, the present inventors 
have proposed a separation method in Japanese Patent 
Application No. 9-75498 or U.S. Patent Application No. 
047,327 filed on March 25, 1S33. in which fluid is 
sprayed to a separation area. Gas and/or liquid is used 
as the fluid, and especially a water jet using a liquid 
mainly composed of water is preferable. In the method, 
at the time ot separating, water not only cuts a bonded 
face but also uniformly enters a gap between the first 
and second bases, so that a relatively uniform separat- 
ing pressure can be applied to the entire separation 
face. Moreover, in the method, different from the case 
where gas is not used, particles can be washed away 
without being scattered. The method is superior in these 
two respects to the separation method by the wedge in- 
sertion. Especially, when the mechanical strength of the 
separation area is set lower than that of the bonded 
place, only the fragile portion is ruptured, collapsed or 
removed by spraying the fluid flow to the separation ar- 
ea, and another strong portion can advantageously be 
left without being collapsed. 

[0009] However, when the water jet or another fluid is 
used to separate the bonded composite member by 
spraying the fluid to a side face of a composite member, 
especially around a side lace of the separation area, 
there is a case where the fluid flow cannot easily break 
or cut the separation area because the separation area 
has an excessive strength. In this case, the composite 
member can be separated by raising a fluid pressure, 
but if the pressure is excessively raised, cracks advance 
inward from the side face of the bonded base. In the 
midst, one or both of the separated base substrates may 
be cracked by the pressure of the fluid injected to the 
separation area. Therefore, yield is lowered in the sep- 
arating process. To avoid this, there is provided a meth- 
od ol further lowering the mechanical strength of the 
separation area to form a more fragile structure. If the 
structure is excessively fragile, however, a problem is 
caused that the separation area is broken and cannot 
be bonded or that the separation area is broken to gen- 
erate particles as contaminants during heating, clean- 
ing, or handling the base substrate otherwise in a proc- 
ess of preparing the composite member. 
[0010] Moreover, when separation is performed in an- 
other method without using the fluid, basically the similar 
problem is caused. Therefore, the yield in the separating 
process may be lowered. 

SUMMARY OF THE INVENTION 

[001 1 ] An object of the present invention is to provide 
a composite member and its separation method in which 
the composite member can be separated relatively eas- 
ily without damaging separated bases. 
[0012] Another object ol the present invention is to 
provide a composite member and its separation method 
in which a mechanical strength of a major separation 



area can be relatively raised, unintended collapse of the 
separation area is prevented, and generation of parti- 
cles is suppressed. 

[0013] According loan aspect of the present inven- 
5 lion, there is provided a preparation method of a semi- 
conductor substrate using a separation method of a 
composite member comprising the step of separating 
the composite member into a plurality of members at a 
separation area, in which a mechanical strength of the 

io separation area is non- uniform along a bonded face. 
[0014] Especially, in the separation area, a peripheral 
portion of the composite member is preferably lower in 
mechanical strength than a central portion. Additionally, 
the separation area is preferably lower in mechanical 

is strength than the bonded interlace. 

[001 5] According to another aspect of the present in- 
vention, there is provided a preparation method of a 
semiconductor substrate using the separation method 
mentioned above. 

zo [0016] According to still another aspect of the present 
invention, there is provided a preparation method of a 
semiconductor substrate which comprises separating a 
composite member formed by bonding a first base sub- 
strate and a second base substrate to each other into a 

^5 plurality of members at a separation area formed in a 
position different from a bonded face, a mechanical 
strength of the separation area being non-uniform along 
the bonded face, and a mechanical strength of a periph- 
eral portion of the separation area being locally low. 

30 [0017] According to a further aspect of the present in- 
vention, there is provided a composite member compris- 
ing a separation area inside, a mechanical strength of 
the separation area being non-uniform along a surface 
of the composite member, a mechanical strength of a 

35 peripheral portion of the separation area being locally 
low. 

[001 8] For the separation area, a porous layer formed 
by anodization, a layer formed by implanting ions in 
which microcavities can be obtained, or the like can be 

40 used. When an Si wafer or another semiconductor sub- 
strate, or a quartz wafer is used as a first or second base, 
it substantially has a disc shape although it has an ori- 
entation flat or a notch. Therefore, the composite mem- 
ber obtained by bonding the first and second base sub- 

45 strat es io each other also has a substantially disc shape. 
In this case, when the mechanical strength of the sep- 
aration area is non-uniform in such a manner that the 
strength is high in the central portion of the composite 
member and low in its peripheral portion, and substan- 

so tially uniform in a circumferential direction, the compos- 
ite member can effectively be separated. When the 
composite member is a rectangular plate member, the 
mechanical strength of its corner, side or entire periph- 
ery is lowered. 

55 [0019] The mechanical strength can be made non- 
uniform by forming portions different in porosity from 
one another in the separation area. As the porosity is 
increased, the mechanical strength is lowered. There- 
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fore, the mechanical strength can be changed by chang- 
ing the porosity. Specifically, the mechanical strength of 
the peripheral portion can be lowered by setting higher 
the porosity in the peripheral portion than in the central 
portion. 

[0020] The mechanical strength can also be made 
non-uniform by changing a thickness of the separation 
area. As the thickness of the separation area is in- 
creased, the mechanical strength is lowered. Therefore, 
the mechanical strength is also changed by changing 
the thickness. Specifically, the mechanical strength of 
the peripheral portion can be lowered by setting a thick- 
ness of a porous layer of the separation area larger in 
the peripheral portion than in the central portion of the 
base. 

10021 j in order to obia in a suitable compos iie mernbei 
which fails to be separated in a process prior to a proc- 
ess of separating the composite member and is securely 
separated in the separation process, the separation ar- 
ea is preferably formed by a plurality of layers different 
in mechanical strength. Especially, in the separation ar- 
ea comprising the plurality of layers, the thickness of a 
layer high in porosity is preferably less than the thick- 
ness of a layer low in porosity adjacent to a non-porous 
single -crystal semiconductor layer. A structure of each 
of the plurality of layers does not necessarily have to be 
steeply changed in an interface. Even if the strength or 
structure of each layer is continuously changed in the 
interface of the adjacent layers, separation is facilitated 
as compared with when the strength is uniform over the 
entire separation area. 

[0O22] In the separation area comprising the plurality 
of layers different in the mechanical strength, the layer 
high in porosity preferably has a higher porosity in the 
peripheral portion than in the vicinity of the central por- 
tion of the base. 

[0023] In the separation area comprising the plurality 
of layers different in the mechanical strength; the poros- 
ity-of a second layer with a high porosity can be made 
higher in the peripheral portion than in the central portion 
of the base substrate by making the thickness of a first 
layer with a small porosity larger in the peripheral portion 
than in the central portion of the base. 
[0024] The present inventors have conducted exper- 
iments in which an anodization device is variously mod- 
ified to form a good-quality porous layer. As a result, they 
have found that there is an Si wafer having an in-plane 
porosity distribution among a plurality of Si wafers sub- 
jected to a porous treatment using a certain mode of an- 
odization device. Moreover, as a result of experiments 
in which samples are prepared by forming non -porous 
layers on porous layers and the non-porous layers are 
peeled off, it has been found that in some of the samples 
even the porous layer relatively low in porosity can be 
peeled off more easily than the layer relatively high in 
porosity. It is seen from the aforementioned two findings 
that, as in an embodiment described later, when the lay- 
er relatively high in porosity is ruptured or collapsed in 
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the porous layers having the in-plane distribution of po- 
rosity, the layer relatively low in porosity is also easily 
ruptured, which is not much influenced by an absolute 
value of porosity. 

[0025] Specifically, it has been found that when there 
is a layer relatively high in porosity in the peripheral por- 
tion of a member in which separation can easily be start- 
ed, the separation is facilitated regardless of the abso- 
lute value of porosity, and the present invention has 
been developed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] Figs. 1A, IB and 1C are schematic sectional 
views of a composite member according to the present 

invention. 

[0027] Figs. 2A and 2B are top views of the composite 
member according to the present invention. 
[0028] Figs. 3A and 3B show in-plane distributions of 
mechanical strength of the composite member accord- 
ing to the present invention. 

[0029] Fig. 4 is view showing a state in which an an- 
odization for use in the present invention is applied: 
[0030] Fig. 5 is a characteristic diagram of porosity of 
a semiconductor substrate according to the present in- 
vention. 

[0031] Figs. 6A, 6B and 6C are views showing a sep- 
aration method of the composite member according to 
the present invention. 

[0032] Fig. 7 is a schematic view of a water jet device. 
[0033] Fig. 8 is a sectional view of the composite 
member of the present invention. 
[0034] Fig. 9 is a characteristic diagram showing a po- 
rous thickness and an anodization current. ^ 
[0035] Fig. 10 is a characteristic diagram of porosity 
of a second layer relative to thickness of a first layer. 
[0036] Fig. 11 is a sectional view of the composite 
member according to an embodiment of the present in- 
vention. 

[0037] Figs. 12A, 12B and 12C are views showing a 
conventional preparation method of a semiconductor 
substrate. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0038] Figs. 1A to 1C are sectional views of a com- 
posite member according to one embodiment of the 
present invention. 

[0039] The composite member is formed by bonding 
a first base substrate 1 and a second base substrate 2 
to each other, and a separation area 3 is formed inside. 
Here, the first base substrate 1 is bonded in such a man- 
ner that a layer 4 formed on the separation area 3 abuts 
on a surface of the second base substrate 2. and a bond- 
ed interface 5 is formed. The separation area 3 has a 
portion 31 relatively high in mechanical strength and a 
weak portion 32. and the mechanically weak portion 32 
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is positioned in a peripheral portion of the composite 
member (peripheral portion of the separation area). In 
the case of separating the composile member, since the 
portion 32 relatively low in mechanical strength is posi- 
tioned in the peripheral portion of the composite mem- s 
ber, the portion 32 is first cracked or collapsed, and the 
separation of the composite member is thus facilitated. 
[0040] More specifically. Fig. 1A shows that the por- 
tion 32 of a porous material high in porosity is formed in 
the peripheral portion of the separation area 3 uniform io 
in thickness, while the portion 31 of a porous material 
low in porosity is formed in a central portion, so that the 
portion 32 locally low in mechanical strength is provided 
in the peripheral portion. Fig. 2A shows positions of the 
mechanically strong and weak portions 31 , 32 in the is 
composite member as viewed from top. Numeral 7 de- - 
notes an orientation flat provided as required. Addition- 
ally, as shown in Fig. 2B, the mechanically weak portion 
32 may be partially formed in the outer periphery of the 
composite member, instead of being formed in the entire 20 
outer periphery. The mechanically strong portion is larg- 
er than the weak portion. Fig. 1 B shows the mechani- 
cally weak portion 32 formed in the peripheral portion 
by making non-uniform the thickness of the separation 
area 3 of a porous material uniform in porosity Also in 2s 
this case, as shown in Fig. 2B, the portion 32 may par- 
tially be formed in the outer periphery in the plane of the 
separation area 3. Fig. 1C shows the mechanically weak 
portion 32 formed by implanting ions to form a portion 
having a large ion implantation amount in the peripheral 30 
portion. Also in this case, as shown in Fig. 2B, the me- 
chanically weak portion 32 may partially be formed in 
the outer periphery by locally increasing the ion implan- 
tation amount. When hydrogen ions or rare gas ions are 
implanted, and a predetermined thermal treatment is 3S 
performed, microcavities are generated. Therefore, a 
portion in which the ions are injected in high concentra- 
tion may be formed into a porous portion high in porosity. 
The mechanically weak portion 32 may locally be 
formed by setting higher the porosity and thickness of *o 
the porous material than the other portions. Moreover, 
the mechanical strength of the ion implantated portion 
may be lowered by locally implanting the ions into the 
separation area formed of the porous material and mak- 
ing fragile the porous material. That is, it is preferable *s 
to appropriately combine the characteristics of the struc- 
tures shown in Figs. 1 A to 1C. 

[0041] Preferably used as the first base substrate 1 of 
the present invention is an Si wafer or a plate-like sem- 
iconductor wafer of Ge, SiGe, SiC, GaAs, GaAIAs, InR so 
GaN or the like. 

[0042] In addition to the same semiconductor wafer 
as that of the first base substrate 1, a quartz glass, resin 
sheet or another insulating base, and a stainless steel 
or another metallic base substrate may be used as the ss 
second base substrate 2. 

[0043] The non-porous layer preferably comprises a 
single layer or a plurality of layers formed of a material 



selected from the group consisting of the same semi- 
conductor materials as those for use in the first base. 
When the composite member is separated to prepare 
SOI substrate, a single-crystal semiconductor layer is 
pre'sraule. 

[0044] A layer 6 is preferably formed of an insulating 
material, a conductive material, or another material dif- 
ferent from the material of the layer 4. 
[0045] Furthermore, the first and second base sub- 
strates are preferably bonded via an insulating layer or 
an adhesive layer. 

[0046] Figs. 3A and 3B are graphs relatively showing 
distributions of mechanical strength in the plane of the 
composite member. 

[0047] A solid tine 10 shows a mode in which the me- 
chanical strength gradually increases from a left edge 
of an outer periphery LEI toward a center 0 of the com- 
posite member, and a portion between positions LE2 
and RE2 including the center 0 has the lowest mechan- 
ical strength. A clashed line t1 shows a mode in which 
the mechanical strength has an intermittent transition 
between an outer periphery (between outer peripheral 
edge LE1 and position LE2, between outer peripheral 
edge RE1 and position RE2) and a central portion (from 
position LE2 to RE2). A broken line 12 shows a mode 
in which the mechanical strength continuously increas- 
es from the outer peripheral edge LE1 , RE1 toward the 
center 0, and the mechanical strength takes a maximum 
value only at the center 0. 

[0048] In the present invention, it is preferable that the 
mechanical strength from a position 5 mm inside the out- 
er peripheral edge of composite member to the outer 
peripheral edge of the separation area be locally tower 
than the mechanical strength in the central portion. Re- 
ferring to Fig. 3A, the separation area is preferably 
formed as a thin layer in such a manner that the position 
5 mm inside the outer peripheral edge of the composite 
member is between LE1 and LE2 and/or between RE2 
and RE1. 

[0049] Furthermore, when a large-diameter compos- 
ite member is separated from its outer peripheral edge 
toward the center, there is a case where the central por- 
tion of the composite member cannot be separated as 
desired. In this case, a mechanically weak portion may 
locally be formed in the central portion. Fig. 3B shows 
an example of such mode, in which a portion between 
periphery and center, i.e., a donut-shaped portion M is 
high in mechanical strength. 

[0050] When a porous layer is used as the separation 
area, the porosity of the mechanically weak peripheral 
portion is set to 20% or more, preferably 35% or more, 
and the upper limit of the porosity may be 80% or less. 
[0051] The porosity of the mechanically strong central 
portion is not limited as long as it is lower than that of 
the peripheral portion, but may be selected preferably 
from the range of 5% to 35%, more preferably from the 
range of 5% to 20% in such a manner that the porosity 
becomes lower than that of the peripheral portion. When 
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a difference in porosity is 5% or more, preferably 1 0% 
or more, a difference of mechanical strength sufficient 
for easily separating the composite member can be ob- 
tained in the peripheral portion and the central portion. 
[0052] Additionally, in Fig. 3B, the portions M are me- s 
chanically strong. Therefore, when the separation area 
is formed of the porous material, the porosity of the por- 
tion M, i.e.. the portion having the maximum value of 
mechanical strength may be set low in the range of 5% 
to 35%, preferably 5% to 20%, in the same manner as io 
the porosity of the central portion of Fig. 3A. 
[0053] The porosity of the center 0 in Fig. 3B needs 
to be higher than that of the portion M, and may appro- 
priately be selected from the range of 20% to 80% to 
satisfy such relationship. is 
[0054] Here, the porosity P (%) oi the porous material 
indicates a proportion of pore volume in an apparent vol- 
ume of the porous material. The porosity is represented 
in the following equation using a density m of the porous 
material formed on the first base substrate and a density 20 
M of a non-porous material: 

P={(M - m) + M] X 1 00 (%) (1 ) 

25 

[0055] Here, the density m of the porous material is 
obtained by dividing an apparent weight G of the porous 
material including pores by an apparent volume V of the 
porous material including the pores, and represented as 
follows: 30 

m = G + V (2) 

I n pract ice, the porosity P of the porous layer of the base 35 
substrate in which only a depth d on the side of a surface 
has a porous layer structure can be obtained from the 
following equation using a weight A of the base sub- 
strate before the porous layer is formed thereon, a 
weight a of the base substrate after the porous layer is *o 
formed thereon, and a weight B of the base substrate 
after the porous layer is completely removed therefrom: 

P = {(A - a) ^ (A - B)J X 100 (3) 45 

[0056] A method ol preparing the composite member 
will next be described. 

[0057] First, the first base substrate 1 of an Si wafer 
or the like is prepared, and the separation area 3 is so 
formed on the surface of the first base substrate 1 or at 
a predetermined depth from the surface. Examples of 
the method for forming the separation area include a 
method ol making the surface of the first base substrate 
1 porous by anodization or the like and/or a method of ss 
implanting hydrogen ions, rare gas ions, or the like dif- 
ferent from constituting elements of the base substrate 
to form an ion-implanted layer with a maximum ion im- 



plantation concentration at the predetermined depth 
from the surface of the first base substrate t . The me- 
chanically weak portion is formed in the peripheral por- 
tion by controlling the conditions of the anodization or 
ion implanting with procedures described later. 
[0058] Subsequently, the non-porous layer 4 is 
formed on the separation area 3 if necessary, and the 
second base substrate is bonded. In the case of implant- 
ing the ions, a surface layer of the first base substrate 
constitutes the non-porous layer 4 as it is. When the sur- 
face of the first base substrate 1 is made porous, the 
layer 4 is formed thereon by sputtering or CVD. Subse- 
quently, the non-porous layer 4 is bonded on the second 
base substrate of Si wafer or the like directly or via the 
insulating layer 6 as required. The composite member 

IS thuS CGfTipioied. 

[0059] In a method for forming the porous layer locally 
low in mechanical strength, the current density of ano- 
dization is changed in the plane. When the density of 
anodization current flowing into the peripheral portion of 
the semiconductor substrate is set high in the peripheral 
portion of the base, the thickness and/or porosity in the 
peripheral portion of the base substrate of the porous 
layer can be made higher than in the central portion of 
the base. To realize the current density distribution, for 
example, during the anodization, a sectional area, in 
which ion current flows, in an anodization liquid in the 
vicinity of the base substrate subjected to the formation 
is set larger than an area of the base substrate subjected 
to the formation. Thereby, a surface density of anodiza- 
tion current flowing into the base substrate peripheral 
portion may be set higher than a surface density of an- 
odization cunent flowing into the base substrate center. 
Specifically, an anodization bath larger than the. base 
substrate subjected to the formation is used, so that the 
ion current having a sectional area broader than the ar- 
ea of the base substrate is received by the base. 
[0060] Fig. 4 is a schematic view showing a device for 
use in anodization. In Fig. 4, numeral 101 denotes a DC 
power supply for the anodization, 102 denotes a cath- 
ode electrode, 1 03 denotes an anode electrode, and 
104, 105 denote insulating supports for supporting the 
treated base substrate 1 . The base substrate 1 is en- 
gaged in recesses of the supports 104, 105. Numeral 
106 denotes an insulating bath bottom. The area of the 
electrode 102, 103 is about 1.2 to 3.0 times, preferably 
1 .3 to 2.0 times the area of the first base substrate 1. In 
the structure, when ions flowing from the outside via the 
outer peripheral edge of the base substrate are collect- 
ed in the base, more ions flow into the peripheral portion 
of the base, and the thickness and porosity of the porous 
layer of the peripheral portion can be raised. 
[0O61] Furthermore, while a plurality of stages of an- 
odization are performed, the peripheral portion of the 
first porous layer is formed thicker than the central por- 
tion. Therefore, the porosity of the peripheral portion of 
the second porous layer formed later can be made high- 
er than the porosity of the central portion. 



7 



11 



EP0 938 129 A1 



[0062] When such distribution of llowing currents 
needs to be controlled more precisely, a current guide 
is provided in the vicinity of the base substrate subjected 
to the formation for controlling the distribution of ion cur- 
rents flowing into the base substrate surface. When the s 
ion current distribution is controlled, a distribution of 
thickness of the layer with a small porosity can be con- 
trolled. 

[0063] When the layer formed by the ion implanting in 
which microcavities can be obtained is used as the sep- 10 
a ration area, the size or density of microcavities or the 
thickness of distributed microcavities can be increased 
by raising an ion implanting density, so that the mechan- 
ical strength of the area can be reduced. 
[0064] Therefore, when the ion implantation amount *s 
of the base substrate pei oheral portion is set larger than 
that of the base substrate central portion, the density of 
microcavities per unit volume of the base substrate pe- 
ripheral portion is raised, and the porosity can be made 
higher than that of the base substrate central portion. 20 
[0065] Fig. 5 is a graph showing an in -plane distribu- 
tion of porosity in a diametric direction ol the porous ma- 
teria) obtained in the method shown in Fig. 4. 
[0066] As the porosity increases, the mechanical 
strength decreases. Therefore. Fig. 5 shows a pattern 25 
vertically reverse to the pattern shown by the solid line 
1 0 of Fig 3A. When the ratio of the area of the electrode 
102, 1 03 to the area of the base substrate is sufficiently 
large, a pattern shown by a solid line 15 is provided. 
When the ratio of the area of the electrode to the area 30 
of the base substrate is small, a tendency shown by a 
broken line 14 is provided. The porous material with a 
high porosity can thus be formed in the peripheral por- 
tion. 

[0067] A technique for preparing a porous layer with 35 
a mechanical strength distribution shown in Fig. 1A or 
by the dashed line 11 of Fig. 3A will next be described. 

A first method is as follows; 

40 

[0068] A mask for ion implantation or photoresist pat- 
tern is provided only on the outer peripheral portion of 
the base substrate 1 . while boron tons are injected to 
the central portion. The base substrate having a low bo- 
ron ion concentration locally in the outer periphery is *s 
subjected to anodization using an electrode having sub- 
stantially the same area as that of the base, and the po- 
rous layer is prepared in which the outer peripheral por- 
tion has a high porosity while the central portion has a 
low porosity. so 

A second method is as follows: 

[0069] The central portion of the base substrate ex- 
cluding its outer peripheral portion is covered with wax 55 
or another mask resistant to the anodization, and gen- 
eral anodization is performed under a high current den- 
sity to make porous the outer peripheral portion. Sub- 



sequently, the outer peripheral portion is masked, and 
the general anodization is performed under a low cur- 
rent density to make porous the central portion. 
[0070] In a third method, alter a uniform porous layer 
is formed by the geneiai anodization, oniy the porosity 
of the outer peripheral portion is raised by ion implant- 
ing. When the distribution of ion implantation amount is 
controlled, the porous layer having the strength distribu- 
tion as shown in Figs. 3A, 3B can be formed with good 
controllability. 

[0071] Additionally, in respect of the manufacture 
cost the method shown in Fig. 4 is more advantageous 
than these methods. 

[0072] A method of preparing the composite member 
shown in Fig. 1C will next be described in more deiail. 
[0073] An Si wafer or another base substrate is oxi- 
dized to form the insulating film 6. Hydrogen or rare gas 
ions are implanted into the entire surface of the base 
substrate with a predetermined acceleration voltage. 
The central portion excluding the outer peripheral por- 
tion is covered with a photoresist mask pattern, and the 
ions are again implanted into the outer peripheral por- 
tion with the same acceleration voltage. The separation 
area 3 having the mechanically weak portion 32 can be 
formed in this manner. After the mask pattern is re- 
moved, the insulating layer 6 is bonded onto the second 
base substrate 2. Each of doses in first and second ion 
implanting operations is set in the range of 10 15 cnrr 2 to 
10 17 cnr 2 , while a concentration of different atoms in the 
mechanically weak portion may be set in the range of 
lO^cm-StolO^cm* 3 . 

[0074] A method of separating the composite member 
for use in the present invention will next be described. 
A mode of separating the composite member shewn in 
Fig. 1 A will be described as an example. As shown in 
Fig. 6A, an inner stress generated by thermal treatment 
or the like or an external force is used to separate the 
composite member. In the separation area 3, since the 
peripheral portion 32 locally has a low mechanical 
strength, it is first collapsed or cracked. Fig. 6A shows 
that a wedge 110 is inserted and a force 111 is applied 
to separate the peripheral portion of the first base sub- 
strate 1 from the second base substrate 2. Subsequent- 
ly, as shown in Fig. 6B ? the composite member is divided 
into two. When a residual layer 37 of the separation area 
3 remaining on the non-porous layer 4 is relatively thick, 
the residual layer is removed by polishing or etching. 
Subsequently, thermal treatment (hydrogen annealing) 
is performed in an atmosphere of hydrogen if necessary. 
As shown in Fig. 6C, the base substrate 2 provided with 
the layer 4 having a smooth surface is obtained. For use 
in a solar battery, the residual layer does not need to be 
removed. 

[007S] Examples of the separation method of the 
composite member usable in the present invention in- 
clude pressurizing, pulling, shearing, wedge insertion, 
thermal treatment, vibration application, wire cutting, 
and various methods as disclosed in Japanese Patent 



8 




EP0 938 



Application Laid-open No. 7-302889. Additionally, as 
proposed in Japanese Patent Application No. 9-75498, 
the bonded first and second base substrates may be 
separated into a plurality of members in a separation 
area other than a bonded interface by spraying fluid or s 
ejecting a jet of fluid to the vicinity of a side face of the 
separation area. 

[0076] The jet of fluid for use in separation in the 
present invention can be realized by spouting pressu- 
rized fluid via a thin nozzle. A fluid jet method, as tntro- 10 
duced in "Water Jet" Vol. 1,'No. 1. page 4, can be used 
as a method for spouting a high-speed high-pressure 
flow of beams. In the fluid jet usable in the present in- 
vention, a liquid with a high pressure in the range of 100 
to 3000 kgf/cm 2 pressurized by a high-pressure pump *s 
is spouted via a trie nozzie with a diameter of about 0. 1 
to 0.5 mm, so that ceramic, metal, concrete, resin, rub- 
ber, wood or another material can be cut (abrasive is 
added to water for a hard material), or worked. Addition- 
ally, a coating film of a surface layer can be removed, 20 
or member surfaces can be cleaned. In the conventional 
water jet method, it is a main effect to remove a pari of 
the material as described above. Specifically, in the wa- 
ter jet cutting operation, a cutting width of a main mem- 
ber is removed, coating films are removed, or member 25 
surfaces are cleaned by removing unnecessary por- 
tions. 

[0O77] When water jet is used to form the fluid flow 
according to the present invention, the composite mem- 
ber can be separated by spouting the water jet to the 30 
side face of the separation area. In this case, the side 
face of the separation area is first exposed to the side 
face of the bonded base, and the water jet is directly 
spouted to the exposed portion or its peripheral portion. 
Then, the base substrate is separated into two without 35 
being damaged, while only the mechanically fragile sep- 
aration area is removed by the water jet. Moreover, even 
if the side face of the separation area is not exposed 
beforehand for some reason, and the corresponding 
portion is covered with a thin layer like an oxide film, the 40 
layer covering the separation area is first removed with 
the water jet, before the base substrate can be separat- 
ed with the water jet. 

[0078] Moreover, an unused eflect of the conventional 
water jet is used. Specifically, jet is spouted to a recess 
in the side face of the composite member to extend and 
collapse the structurally fragile separation area, so that 
the bonded wafei can be separated. In this case, chips 
of the separation area are hardly generated. Even if the 
separation area is formed of a material which cannot be so 
removed by the jet, separation can be performed without 
using the abrasive or without damaging a separating 
surface. 

[0079] The aforementioned effect is not an effect of 
cutting or polishing, and it can be expected to be an et- ss 
feet of wedge by the fluid as shown in Fig. 6A. This effect 
is much expected when a force is applied in a direction 
in which the separation area is pulled off by spouting the 
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jet to a recess formed in the side face of the bonded 
base. In order to sufficiently fulfill the effect, the shape 
of the side face of the composite member is preferably 
concave, instead of being convex. 
[0080] Fig. 7 is a schematic perspective view showing 
an example of a water jet device for use in the method 
of manufacturing the semiconductor substrate in the 
present* invention. In Fig. 7, a composite member 1 is 
formed by integrally bonding two Si wafers, and the sep- 
aration area 3 is provided inside. Supports 403, 404 are 
provided on the same rotating shaft for adsorbing/fixing 
the composite member 1 by a vacuum chuck. Further- 
more, the support 404 is connected to a support base 
substrate 409 via a bearing 408, and its rear is directly 
connected to a speed control motor 4 10, so that the sup- 
pert 404 can be rotated at an arbitrary speed. Moreover, 
the support 403 is connected to the support base sub- 
strate 409 via a bearing 411, and ks rear is connected 
to the support base substrate 409 via a compression 
spring 412, so that a force is applied in a direction in 
which the support 403 is detached from the composite 
member 1. 

[0081] First, the composite member 1 is set in accord- 
ance with a positioning pin 413, and adsorbed/held by 
the support 404. Since the composite member 1 is po- 
sitioned by the positioning pin 41 3 of a tool 407, the cen- 
tral portion of the composite member 1 can be held. Sub- 
sequently, the support 403 is advanced toward the left 
along the bearing 411 until the composite member 1 is 
adsorbed/held. Then, a force exerted toward the right is 
applied to the support 403 by the compression spring 
412. In this case, a returning force of the compression 
spring 41 2 and a force of the support 403 for sucking 
the composite member 1 are balanced to prevent the 
support 403 from being detached from the composite 
member 1 by the force of the compression spring 412. 
[0082] Subsequently, water is fed to a water jet nozzle 
402 from a water jet pump 414, and water is continu- 
ously spouted for a constant time until spouted water is 
stabilized. When the water is stabilized, a shutter 406 is 
opened to spout the water (hereinafter referred to as the 
jet water) to the side face of the composite member 1 
from the water jet nozzle 402. In this case, the composite 
member 1 and the support 403 are rotated by rotating 
the support 404. Since the jet water is applied near the 
center of the thickness of the side face of the composite 
member 1 . the composite member 1 is pushed/extend- 
ed into two toward its center from its outer peripheral 
portion, the separation area relatively weak in the com- 
posite member 1 is collapsed, and the composite mem- 
ber is finally separated into two pieces. 
[0083] As described above, the jet water is applied 
uniformly to the composite member 1. Moreover, while 
the support 403 supports the composite member 1, the 
force is exerted toward the right. Therefore, the sepa- 
rated pieces of the composite member 1 do not slide on 
each other. 

[0084] Alcohol or another organic solvent; hydrofluo- 
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ric acid, nitric acid or another acid; potassium hydroxide 
or another alkali; or another liquid having a function of 
selectively etching the separation area can be used as 
the fluid instead of water. Furthermore, usable as the 
fluid is air, nitrogen gas, carbonic acid gas. rare gas cr 5 
another gas. Gas or plasma having a function of etching 
the separation area can also be used. In the separation 
method of the composite member introduced in the 
preparation method of the semiconductor substrate, 
pure water from which impurity metals or particles are io 
removed as much as possible, super pure water or an- 
other water with high purity is preferably used. Moreo- 
ver, a completely low-temperature process is intro- 
duced. Therefore, even if the jet fluid other than pure 
water is used, the impurities or particles can be removed *s 
by cleaning after the separation. 
[0085] In the method of spraying the fluid as described 
above, the vicinity of the separation area of the compos- 
ite member is preferably recessed in a concave shape 
for receiving the fluid lo produce a force in a direction in 20 
which the separation area is pushed/extended. When 
the composite member formed by bonding two base 
substrates via the separation area is separated at the 
separation area, the aforementioned structure can eas- 
ily be realized by chamfering edges of the bases. 25 
[0O86J The water jet or another fluid flow, pressuriz- 
ing, pulling, shearing, wedge insertion, thermal treat- 
ment, vibration application, wire cutting, and other vari- 
ous methods may be used to apply a separating force 
to the separation area formed beforehand in the com- 30 
posit e member and to separate the composite member 
into two. In this case, the separation is performed by 
collapsing the mechanically fragile portion of the sepa- 
ration area. When the fluid is spouted to the vicinity of 
the separation area, the mechanically fragile separation ss 
area is removed or collapsed by the fluid flow. When the 
fluid is used, however, basically the separation area is 
removed while the other non-fragile portions remain 
without being collapsed. As a result, the separation can 
advantageously be performed without damaging any *o 
portion that is used after the separation. In any of the 
methods, however, unless the separation area is suffi- 
ciently weak, it cannot be collapsed. For example, there 
is a case where the separation area cannot be collapsed 
or removed with the fluid flow with a predetermined pres- 45 
sure. 

[0087] To solve the problem, when the pressure of the 
fluid is raised, not only the separation area but also the 
other portions are collapsed. For example, when the 
bonded base substrate is separated, the plate-like first so 
or second base substrate is cracked. To prevent this, 
when the pressure of the fluid is lowered, however, the 
separation cannot be performed. 

[0088] In most of the separation methods, in the initial 
separation stage, a solid wedge needs to be pushed into 55 
the vicinity of the surface of the separation area loaned 
in the composite member, e.g.. the separation area of 
the portion formed in the peripheral portion of the disc- 



shaped bonded base. In many cases, the separation 
needs to proceed from the surface. While the separation 
fails to proceed, the portion close to the surface has a 
small area to which the separating force is applied. A 
problem is therefore caused thai a surface density of 
force has to be raised. This is because the separating 
force can be applied to the separated surface, but no 
separating force can be applied to the surface not yet 
separated. When the separation proceeds, the area to 
which the separating force can be applied is enlarged. 
Therefore, even when the separating force applied to 
the separating surface is increased to facilitate the sep- 
aration, the surface density is decreased, and the base 
substrate can easily be prevented from being broken 
(cracked or otherwise) by the separation. 
[0089] In order to facilitate the separation, in the initial 
stage of separation, the mechanical strength may be 
lowered by raising the porosity of the porous layer of the 
separation area, increasing the thickness of the porous 
layer, or increasing the ton implanting amount to in- 
crease the amount of generated microcavities. When 
the strength is excessively lowered, however, a disad- 
vantage is caused that in the process of forming the 
composite member, the separation area ts collapsed be- 
fore the separation process. 

[0090] As a result of intensive researches, the present 
inventors have found that in order to avoid the afore- 
mentioned disadvantages, the mechanical strength of 
the separation area is changed in parallel with the bond- 
ed face, and the mechanical strength particularly of the 
portion of the separation area close to the bonded base 
substrate surface, e.g., the peripheral portion is set low- 
er than that of the base substrate central portion. 
[0091] In the initial stage of separation, since the area 
of the separated face is small and the separating force 
cannot be increased, the mechanical strength ol the 
separation area is reduced, so that the separation is ad- 
vanced with a small force. This is realized by reducing 
the mechanical strength of the separation area in the 
vicinity of the base substrate peripheral portion. Peeling 
during the process is prevented by setting the mechan- 
ical strength of the separation area higher in the base 
substrate central portion than in the peripheral portion. 
[0092] In this case, when the separation is advanced 
to the central portion, the separated area is broad. 
Therefore, even when the surface density of the sepa- 
rating force is reduced, the entire separating force is in- 
creased, and the separation can be advanced. Such ef- 
fect is fulfilled regardless of the separation method, but 
the method ol spouting the fluid flow to the separation 
area is most preferable for applying the separating force 
relatively uniformly to the enlire separated face to pre- 
vent the base substrate from being broken. 
[0093] In order to broaden the range of conditions for 
performing a stable separation to securely separate the 
base substrate without damaging it. as shown in Fig. 8, 
the separation area 3 is preferably formed of a plurality 
of layers or areas 22, 23 different in mechanical 
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strength. In this case, the mechanical strength of the pe- 
ripheral portion can relatively easily be made smaller as 
compared with that of the central portion of the base. 
When the separation area has a lamination structure of 
Xhe layer 23 small in porosity (hereinafter referred to as 
the first porous layer) and the layer 22 large in porosity 
(hereinafter referred to as the second porous layer) : the 
layer 23 small in porosity is first formed by the anodiza- 
tion, and subsequently the anodization current is in- 
creased to similarly form the layer 22 large in porosity 
by the anodization. 

[0094] As a result of intensive researches, the present 
researchers have found that the porosity of the second 
porous layer 22 is not determined only by the magnitude 
of the current, and it also depends on the thickness or 
porosiiy oi ii*>e iifsi porous layer 23. When the anodiza- 
tion current ol the second porous layer 22 is set equal, 
but the first porous layer 23 is thick or low in porosity, 
then (he porosiiy of the second porous layer 22 tends to 
be increased. Therefore, lor example, as the thickness 
of the first porous layet 23 is reduced, the anodization 
current of the second porous layer 22 needs to be raised 
in order to keep high the porosity of the second porous 
layer 22. This relationship is shown in Fig. 9. 
[O095] If the anodization current of the second porous 
layer is kept constant, and the thickness of the first po- 
rous layer is changed, the porosity of the second porous 
layer is influenced. Such relationship is shown in Fig. 
10. It is apparent that after the first porous layer is 
formed, the second porous layer cannot be formed in- 
dependently, and the characteristics of the first porous 
layer exert an influence on the porosity of the second 
porous layer. A detailed mechanism of such phenome- 
non is not completely explicated. As described later, 
however, F* ions in a formation liquid are necessary for 
forming porous Si. When the F* ions are consumed in a 
pore forming portion at a tip end of a pore, new p ions 
need to be supplied to the tip end of the pore from a 
surface of the porous Si through the pore. 
[0096] It is supposed that such effective t ransporlabil- 
ity of the F" ions in the pore by electric field or diffusion 
depends on the pore size or length of the first layer, i.e., 
the thickness of the first layer. Specifically, the first po- 
rous layer itself formed by the anodization limits the 
transport ot ions necessary for forming the subsequent 
porous layer. 

[0097] Therefore, the formed first porous layer serves 
as a layer for limiting the effective transportability of the 
F ions necessary for forming the subsequent porous 
layer. When the anodization current is constant, the for- 
mation is advanced to form a sufficient thickness without 
largely changing the porosity. This is because a pore ot 
a size determined by a balance between consumption 
and supply of Fions is formed at a constant current., but 
if the current is increased halfway, the balance between 
consumption and supply ot the P ions is changed by the 
existence ot the formed porous layer, and the pore size 
is largely changed. 



[0098] When the thickness of the first layer is in- 
creased and the effective transportability of F* ions 
transported through the layer is lowered, the concentra- 
tion of F" ions in the tip end of the pore is decreased, 

5 and an ion lacking layer is spread in the formation liquid 
in the pore. Therefore, a portion in which a potential bar- 
rier of an interface between formation liquid and Si sin- 
gle-crystal suiface in the pore is lowered is extended. In 
the portion Si is etched, and the pore size may be in- 

io creased. 

[0099] In practice, even when the anodization current 
is simply increased, the porosity is not much increased 
unless the transportability limiting layer is formed on the 
Si surface. This rather increases the formation rate. 
is Therefore, in order to largely change the porosity by in- 
creasing the artodizatfon current, the layer for limrtlng 
the transportability of the P ions is necessary between 
porosity increasing layer and formation liquid. If the 
thickness of the first porous layer can be increased in 

*° the periphery of the base, the porosity of the second po- 
rous layer in the corresponding portion can be larger 
than the porosity of the second layer in a central portion 
where the first layer is thin. Thereby, the mechanical 
strength ol the separation area of the base substrate pe- 

25 riphera! portion can be reduced. 

[0100] The present invention is characterized in that 
when the mechanism of the anodization is well used as 
described above to form the separation area comprising 
a plurality of layers or areas different in the mechanical 

30 strength, the porosity of the layer 22 large in porosity 
can be made higher in the peripheral portion than in.the 
central portion of the base substrate by increasrig the 
thickness of the layer 23 small in porosity in the periph- 
eral portion rather than in the central portion of the base. 

35 [0101] As described above, the porous layer can be 
formed on the wafer by the anodization using the simple 
device shown in Fig. 4. The layer with a small porosity 
can be formed thicker in the base substrate peripheral 
portion than in the base substrate central portion, which 

40 can make higher the porosity of the subsequently 
formed layer with a large porosity in the base substrate 
peripheral portion than in the base substrate central por- 
tion. When the distribution of incoming current needs to 
be controlled more precisely, the current guide is pro- 

45 vided in the vicinity of the base substrate subjected to 
the formation for controlling the distribution of ion cur- 
rents flowing into the base substrate surface. When the 
ion current distribution is controlled, the distribution of 
thickness of the layer with a small porosity can be con- 

so trolled. 

[0102] Moreover, the water jet injection device for 
separating the wafer and the thin-film semiconductor 
from the composite member comprising the first and 
second base substrates has been described above with 
55 reference to Fig. 7. 

[0103] An example of the bonded base substrate us- 
able in the method of the present invention will be de- 
scribed in more detail with reference to Fig. 8. In the 
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example, as shown in Fig. 8, the separation area 3 has 
a double layer structure comprising the first porous layer 
23 with a low porosity and the second porous layer 22 
with a higher porosity and a lower mechanical strength. 
In the present invention, for the second porous layer 22. s 
its porosity or thickness may be set higher in the vicinity 
of the base substrate peripheral portion than in the cen- 
tral portion. During the separation, cracks are generated 
in the second porous layer 22 in a position different from 
the bonded interface or in the interface. The second po- io 
rous layer 22 has a low mechanical strength. Therefore, 
when a force is applied in a direction in which a first base 
substrate 21 and a second base substrate 27 are sep- 
arated Irom each other, only the second porous layer 22 
is collapsed and the base substrates are separated. In is 
this case, when a layer 4 ol non-porous single-crystal 
Si is formed, the first porous layer 23 is necessary as a 
protective layer for suppressing the generation of crystal 
defects or for preventing the layer 4 from being col- 
lapsed in the separation process. When the porosity is 20 
not much increased, the separation can be performed 
without forming the second porous layer 22, but the sec- 
ond porous layer 22 is preferably formed to provide a 
good yield. 

[01 04] Embodiments of the present invention will next 25 
be described in more detail. 

Example 1 

[01 05] A first P-type (or N-type) (100) single-crystal Si 30 
substrate with a thickness of 625 \im, a specific resist- 
ance of 0.01 Q-cm and a diameter of eight inches was 
used, and anodization was performed in HF solution. A 
formation bath was prepared in such a manner that a 
sectional area of a plane parallel with a formation elec- 35 
trode of an anodization layer and the Si single-crystal 
base substrate was about twice an area ol the Si base, 
and the formation bath was used. 
[01 06] Anodization conditions are as follows: 

40 

anodization current: 2.6 A 

anodization solution:HF:H 2 0:C 2 H 5 OH=1 : 1 : 1 

time: 11 minutes 

[0107] The thickness of a central portion of a porous *s 
layer of the base substrate subjected to the formation 
was about 12 urn and the porosity of the central portion 
was about 20%, while the thickness of Ihe porous layer 
of a peripheral portion was about 1 9 pm at maximum 
and the porosity was 30%. The pore size ol the periph- so 
eral portion of the base substrate prepared under these 
conditions can be measured by observation with an 
electronic microscope. It is apparent that the pore size 
is larger in a portion deep from a surface than in the 
central portion. However, lor the central portion or the ss 
peripheral portion, no remarkable difference in pore size 
can be found in the vicinity of the surface of the porous 
layer This is essential for the subsequent process, in 



which Si single crystal having less defects is epitaxtalfy 
developed into a porous layer structure. 
[0108] The substrate was cleaned with hydrofluoric 
acid at 400°C in the atmosphere of oxygen, then oxi- 
dized for one hour Inner walls of pores of the porous Si 
were covered with a thermally oxidized film through the 
oxidization. After thermal treatment was performed at 
950° C in the atmosphere of hydrogen, single-crystal Si 
epitaxially grew by 0.3 pm on the porous Si by CVD 
method under the following conditions: 

source gas: SiH 4 
carrier gas: H 2 
temperature: 900°C 
pressure: 1 x 10' 2 Torr 
growth rate: 3.3 nm/sec 

[01 09] Furthermore, 1 00 nm of S0 2 layer was formed 
on a surface of the epitaxial Si layer by the thermal ox- 
idization. 

[0110] After the surface of the SKDg layer and a sur- 
face ol a separately prepared Si substrate were over- 
lapped and contacted with each other, thermal treat- 
ment was performed at 1180°C for five minutes to per- 
form bonding. When the composite member was set in 
the device shown in Fig. 7, and water jet injection was 
performed with a water pressure of 1 000 kgf/cm 2 and a 
diameter of 0. 1 5 mm, the porous Si layer was collapsed, 
the wafer was effectively divided in two, and the porous 
Si was exposed to a separated face of two Si substrates. 
Subsequently, the porous Si layer was selectively 
etched with etching liquid of HF/H 2 02/C 2 H s OH. The po- 
rous Si wa? selectively etched and completely removed. 
The etch in 3 rate of the non-porous Si single crystal to 
the etching liquid is remarkably low, and the etching 
amounl in the non-porous layer can practically be ig- 
nored. Specifically, a single-crystal Si layer having a 
thickness of 0.2 pm could be formed on the oxidized Si 
film. The single-crystaJ Si layer underwent no change 
even by the selective etching of the porous Si. Resulting 
SOI substrate was thermally treated in the atmosphere 
of hydrogen. 

[01 11 ] As a result of the observation of a cross section 
by a transmission electronic microscope, it was con- 
firmed that no crystal detect was introduced to the Si 
layer and that good crystallizability was kept. Even when 
no oxide film was formed on the surface of the epitaxial 
Si layer, similar results were obtained. The first Si single- 
crystal substrate was reused as a first Si single-crystal 
substrate for obtaining another SOI substrate, by re- 
moving residual porous Si therefrom. 

Example 2 

[0112] A first P-type (or N-type) (100) single-crystal Si 
substrate with a thickness of 625 pm, a specific resist- 
ance of 0.01 Q-cm and a diameler ol eight inches was 
used, and anodization was performed in HF solution. A 



12 



EP 0 938 129 A1 22 



formation bath was prepared in such a manner that a 
sectional area of a plane parallel with a formation elec- 
trode of an anodization layer and the Si single-crystal 
base substrate was about twice an area of the Si base, 
and was used. 5 
[011 3] Anodization conditions are as follows: 

anodization current: 2.6 A 
anodization solution: HF: H 2 0: C 2 H 5 OH=1 :1 : 1 
time: 11 minutes *o 

[0114] The thickness of a central portion of a first po- 
rous layer of the base substrate subjected to the forma- 
tion was about 12 microns, and the porosity of the cen- 
tral portion was about 20%. The thickness of the porous 
layer of a peripheral portion was about 19 urn ai maxi- 
mum and the porosity was 30%. Subsequent to the for- 
mation of the first layer, the formation of a second layer 
was performed under the following conditions: 

20 

anodization current. 8 A 

anodization sotution:HF:H 2 0:C 2 H 5 OH=1.1: 1 

time: two minutes 

[0115] When the formation of the second layer was 2S 
performed under the above conditions after the first lay- 
er was formed, the thickness of the center of the second 
layer was about two microns, and the porosity was about 
40%. In the peripheral portion of the base, however, the 
porosity was about 55% at maximum, and its thickness 30 
was less than two microns. 

[0116] However, for the central portion or the periph- 
eral portion, no remarkable difference in pore size can 
be found in the vicinity of the surface of the first porous 
layer. This is essential for the subsequent process, in 35 
which Si single crystal having less defects is epitaxialty 
developed into a porous layer structure. 
[01 1 7] The substrate was oxidized at 400°C in the at- 
mosphere of oxygen for one hour. Inner walls of pores 
of the porous Si were covered with a thermal V oxidized *o 
film through the oxidization. Subsequently, after clean- 
ing was performed with HF solution and thermal treat- 
ment was performed in the atmosphere of hydrogen, 
single-crystal Si epitaxially grew by 0.3 urn on the po- 
rous Si by CVD method. The growing conditions were 4 $ 
as follows: 

source gas: SiH 4 
carrier gas: H 2 

temperature. 900° C so 
pressure: 1X1 0" 2 Ton- 
growth rate: 3.3 nm/sec 

[01 1 8] Furthermore, 1 00 nm of Si0 2 layer was formed 

on a surface of the epitaxial Si layer by the thermal ox- 55 

idization. 

[0119] After the surface of Ihe Si0 2 layer and a sur- 
face of a separately prepared Si substrate were over- 



lapped and contacted with each other, thermal treat- 
ment was performed at 1180°C for five minutes to per- 
form bonding. A cross section of resulting composite 
member is diagrammatically shown in Fig. 11. The po- 
rous layer was exposed to wafer edges, the porous Si 
was etched to some degree, and a plate as sharp as a 
razor blade was inserted to the corresponding portion. 
Then, the porous Si layer was ruptured, the wafer was 
divided into two, and the porous Si was exposed. Sub- 
sequently, the porous Si layer was selectively etched 
with etching liquid of HF/H 2 02/C 2 H 5 OH. The porous Si 
was selectively etched and completely removed. The 
etching rate of the non-porous Si single crystal to the 
etching liquid is remarkably low, and the etching amount 
in the non-porous layer provides a practically ignorable 
decease of thickness. Specifically, a single-crystal Si 
layer having a thickness of 0.2 pm could be formed on 
the oxide Si film. The single-crystal Si layer underwent 
no change even by the selective etching of the porous 
Si. Resulting SOI substrate was thermally treated in the 
atmosphere of hydrogen. 

[01 20] As a result of the observation of a cross section 
by a transmission electronic microscope, it was. con- 
firmed that no crystal defect was introduced to the Si 
layer and that good crystallizability was kept. Even when 
no oxidized film was formed on the surface of the epi- 
taxial Si layer, similar results were obtained. The first Si 
single-crystal substrate was reused as a first Si single- 
crystal substrate by removing residual porous Si there- 
from. 

Example 3 

[0121] A first P-type{or N-type) (100) single -crystal Si 
substrate with a thickness of 625 um, a specific resist- 
ance of 0.01 f2-cm and a diameter of eight inches was 
used, and anodization was performed in HF solution. A 
formation bath was prepared in such a manner that a 
sectional area of a plane parallel with a formation elec- 
trode of an anodization layer and the St single-crystal 
base substrate was about twice an area of Ihe Si base, 
and was used. 

[0122] Anodization conditions are as follows: 

anodization current. 2.6 A 

anodization solution: HF:H 2 0: C 2 H50H= 1 : 1 : 1 

time: 11 minutes 

[01 23] The thickness of a cenlral portion of a first po- 
rous layer of the base substrate subjected to the forma- 
tion was about 1 2 microns, and the porosity of the cen- 
tral portion was about 20%. The thickness of the porous 
layer of a peripheral portion was about 19 pm at maxi- 
mum and the porosity was 30%. Subsequent to the for- 
mation of the first layer, the formation of a second layer 
was performed under the following conditions: 

anodization current: 8 A 
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anodization solution:HF:H20:C 2 H50H=1:1:1 
time: two minutes 

[0124] When the formation of the second layer was 
performed under the above conditions after the firs! lay 
er was formed, the thickness of the center of the second 
layer was about two microns, and the porosity was about 
40%. In the peripheral portion of the base, however, the 
porosity was about 55% at maximum, and its thickness 
was less than two microns. 

[0125] However, for the central portion or the periph- 
eral portion, no remarkable difference in pore size can 
be found in the vicinity of the surface of the first porous 
layer. This is essential for the subsequent process, in 
which Si single crystal having less defects is epitaxially 
developed into a porous layer structure. 
[0126] The substrate was oxidized at400°C in the at- 
mosphere of oxygen for one hour. Inner walls of pores 
of the porous Si were covered with a thermally oxidized 
film through the oxidization. After cleaning was per- 
formed with HF solution and thermal treatment was per- 
formed in the atmosphere of hydrogen, single-crystal Si 
epitaxially grew by 0.3 jirn on the porous Si by CVD 
method. The growing conditions were as follows: 

source gas: SiH 4 
carrier gas: H 2 
temperature: 900°C 
pressure: 1 X10 2 Torr 
growth rate: 3.3 nm/sec 

[0127] Furthermore, lOOnmof Si0 2 layer was formed 
on a surface of the epitaxial Si layer by the thermal ox- 
idization. 

[0128] After the surface of the Si0 2 layer and a sur- 
face of a separately prepared Si substrate were over- 
lapped and contacted with each other, thermal treat- 
ment was performed at 1180°C for five minutes to per- 
form bonding. The composite member as shown in Fig. 
11 was thus obtained. For wafer side faces, water jet 
injection was performed with a water pressure of 300 
kgf/cm 2 and a diameter of 0.1 mm. Then, the porous Si 
layer was ruptured, the wafer was effectively divided into 
two. and the porous Si was exposed. Subsequently, the 
porous Si layer was selectively etched with etching liq- 
uid of HF/HjCVCsHsOH. The porous Si was selectively 
etched and completely removed. The etching rate of the 
non-porous Si single crystal to the etching liquid is re- 
markably low. and the etching amount in the non-porous 
layer provides a practically ignorable decrease of thick- 
ness. Specifically, a single-crystal Si layer having a 
thickness of 0.2 pm could be formed on the oxide Si film. 
The single -crystal Si layer underwent no change even 
by the selective etching of the porous Si. Resulting SOI 
substrate was thermally treated in the atmosphere of hy- 
drogen. 

[0129] As a result of the observation of a cross section 
by a transmission electronic microscope, it was con- 



firmed that no crystal defect was introduced to the Si 
layer and that good crystallizability was kept. Even when 
no oxidized film was formed on the surface of the epi- 
taxial Si layer, similar results were obtained. The first Si 
s single -crystal substrate was reused as a first Si single- 
crystal substrate by removing residual porous Si there- 
from. 

Example 4 

[0130] A first P-type or N-type (100) single-crystal Si 
substrate with a thickness of 625 urn, a specific resist- 
ance of 0.01 Q-cm and a diameter of eight inches was 
used, and anodization was performed in HF solution. A 
formation bath was prepared in such a manner that a 
sectional area of a plane parallel with a formation elec- 
trode of an anodization layer and the Si single-crystal 
base substrate was about 1 .3 times an area of the Si 
base, and was used. 

[0131] Anodization conditions are as follows: 

anodization current: 2.6 A 
anodization solution: HF:H 2 0:C 2 H 5 OH=1 :1 :1 
time: 11 minutes 

[01 32] The thickness of a central portion of a first po- 
rous layer of the base substrate subjected to the forma- 
tion was about six microns, and the porosity of the cen- 
tral portion was about 20%. The thickness of the porous 
layer of a peripheral portion was about eight p/n at max- 
imum and the porosity was 25%. Subsequent to the for- 
mation of the first layer, the formation of a second layer 
was performed under the following conditions: 



[0133] For the central portion or the peripheral por- 
tion, no remarkable difference in pore size can be found 
in the vicinity of the surface of the first porous layer This 
is essential for the subsequent process, in which St sin- 
gle crystal having less defects is epitaxially developed 
into a porous layer structure. 

[01 34] The substrate was oxidized at 400°C in the at- 
mosphere of oxygen for one hour. Inner walls of pores 
of the porous Si were covered with a thermally oxidized 
film through the oxidization. After cleaning was per- 
formed with HF solution and thermal treatment was per- 
formed in the atmosphere of hydrogen, single-crystal Si 
epitaxially grew by 0.3 pm on the porous Si by CVD 
method. The growing conditions were as follows: 



source gas: SiH 4 
55 carrier gas. H 2 

temperature: 900°C 
pressure: 1 x 1 0~ 2 Torr 
growth rate: 3.3 nm/sec 
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[01 35] Furthermore, 1 00 nm of SiQg layer was formed 
on a surface of the epitaxial Si layer by the thermal ox- 
idization. 

[0136] After the surface of the SiOg layer and a sur- 
face of a separately prepared Si substrate were over- s 
lapped and contacted with each other, thermal treat- 
ment was performed at 1180°C for five minutes to per- 
form bonding. The porous layer was exposed to wafer 
edges and, instead of etching the porous Si to some de- 
cree, water jet injection was performed with a water fo 
pressure of 300 kgt/cm 2 and a diameter of 0.1 mm. 
Then, the porous Si layer was ruptured, the wafer was 
effectively divided into two, and the porous Si was ex- 
posed. Subsequently, the porous Si layer was selective- 
ly etched with etching liquid of HF/^O^^HjOH. The ?5 
porous Si was selectively etched for a shorter lime than - 
in the third example, and completely removed. The etch- 
ing rate of the non-porous Si single crystal to the etching 
liquid is remarkably low, and the etching amount in the 
non-porous layer provides a practically ignorable de- 20 
crease of film thickness. Specifically, a single-crystal Si 
layer having a thickness of 0.2 um could be formed on 
the oxidized Si film. The single -crystal Si layer under- 
went no change even by the selective etching of the po- 
rous SL Resulting SOI substrate was thermally treated 2s 
in the atmosphere of hydrogen. 

[01 37] As a result of the observation of a cross section 
by a transmission electronic microscope, it was con- 
firmed that no crystal defect was introduced to the Si 
layer and that goodcrystallizability was kept. Even when 30 
no oxidized film was formed on the surface of the epi- 
taxial Si layer, similar results were obtained. The first Si 
single-crystal substrate was used again as a first Si sin- 
gle-crystal substrate by removing residual porous Si 
therefrom. 35 

Example 5 

[01 38] A first P-type (or N-type) ( 1 00) single-crystal Si 
substrate with a thickness of 625 pm, a specific resist- 40 
ance of 0.01 ft cm and a diameter of eight inches was 
used, and anodization was performed in HF solution. A 
formation bath was prepared in such a manner that a 
sectional area of a plane parallel with a formation elec- 
trode of an anodization layer and the Si single-crystal 
base substrate was about 1.3 times an area of the Si 
base, and was used. 

[01 39] Anodization conditions are as follows: 

anodization current: 2.6 A so 
anodization solution:HF.H 2 0:C 2 H 5 OH=l: 1 : 1 
time: 11 minutes 

[0140] The thickness of a central portion of a first po- 
rous layer of the base substrate subjected to the forma- ss 
tion was about six microns, and the porosity of the cen- 
tral portion was about 20%. The thickness of the porous 
layer of a peripheral portion was about eight pm at max- 



imum and the porosity was 25%. Subsequent to the for- 
mation of the first layer, the formation of a second layer 
was performed under the following conditions: 

anodization current: 12 A 

anodization solution: HF:H 2 0:C 2 H 5 OH= 1 : 1 : 1 

time: one minute 

[0141] For the central portion or the peripheral por- 
tion, no remarkable difference in pore size can be found 
in the vicinity of the surface of the first porous layer. This 
is essential for the subsequent process, in which Si sin- 
gle crystal having less defects is epitaxially developed 
into a porous layer structure. 

[0142] The substrate was oxidized at 400°C in the at- 
mosphere of oxygen for cr.c hour. Inner walls o? pores 
of the porous Si were covered with a thermally oxidized 
film through the oxidization. After cleaning was per- 
formed with HF solution and thermal treatment was per- 
formed in the atmosphere of hydrogen, single-crystal Si 
epitaxially grew by 0.3 pm on the porous Si by CVD 
method. The growing conditions were as follows: 

source gas: SiH 4 
carrier gas: H 2 
temperature: g0O°C 
pressure: 1X1 0 2 Torr 
growth rate: 3.3 nm/sec 

[01 43] Furthermore, 1 00 nm of SKD 2 layer was formed 
on a surface of the epitaxial St layer by the thermal ox- 
idization. 

[0144] After the surface of the Si0 2 layer and a sur- 
face of a separately prepared Si substrate were over- 
lapped and contacted with each other, thermal treat- 
ment was performed at 1180°C for five minutes to per- 
form bonding. The porous layer was exposed to wafer 
edges, and the porous Si was etched to some degree. 
A multiplicity of bonded base substrates prepared as de- 
scribed above were simultaneously submerged in a wa- 
ter bath of an ultrasonic radiation device. When about 
50 kHz of ultrasonic waves were radiated, porous Si lay- 
ers of all the bonded base substrates were ruptured, 
each wafer was divided into two, and the porous Si was 
exposed. Subsequently, the porous Si layer was selec- 
tively etched with etching liquid of HF^O^C^H^OH. 
The porous Si was selectively etched in a shorter time 
than in the third example, and completely removed. The 
etching rate of the non -porous Si single crystal to Ihe 
etching liquid is remarkably low, and the etching amount 
in the non -porous layer provides a practically ignorable 
decrease of thickness. Specifically, a single-crystal Si 
layer having a thickness of 0.2 pm could be formed on 
the oxidized Si film. The single-crystal St layer under- 
went no change even by the selective etching of the po- 
rous Si. 

[01 45] As a result of Ihe observation ol a cross section 
by a transmission electronic microscope, it was con- 
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firmed that no crystal detect was introduced to the Si 
layer and that good crystallizability was kept. Even when 
no oxidized film was formed on the surface of the epi- 
taxial Si layer, similar results were obtained. The first St 
single-crystal substrate was used again as a first Si sin- 5 
gle-crystal substrate by removing residual porous Si 
therefrom. 

Example 6 

[0146] As an insulating layer, 200 nm of oxidized film 
(Si0 2 layer) was formed on a surface of a first single- 
crystal Si substrate. 

[01 47] A first ion implantation was performed from the 
surface of the first substrate in such a manner that pro- 
jection range fell in the Si substrate. In this manner, a 
layer serving as a separation area was formed as a dis- 
torted layer by a microcavity layer or a layer with a high 
concentration of ions injected therein in a depth of the 
projection range. Subsequently, under substantially the 
same conditions as those of the first ion implantation, 
ion implantation was again performed in the range of a 
10 mm wide peripheral portion of the substrate. There- 
by, the ion implantation amount of the peripheral portion 
was about twice that of the central portion. 
[01 48] After the ion implantation, a surface of the SiC^ 
layer and a surface of a second Si substrate separately 
prepared were overlapped and contacted with each oth- 
er, then thermal treatment was performed at 600°C to 
perform bonding. 

[01 49] While the central portion of the substrate bond- 
ed as described above was held, and the substrate was 
rotated around a central axis, water jet injection was per- 
formed from the peripheral portion in parallel with a 
bonded face under a water pressure of 300 kgf/cm 2 and 
a diameter of 0.1 mm. Then, the separation area was 
collapsed and the wafer was remarkably effectively sep- 
arated. 

[01 50] As a result, the Si0 2 layer, surface single-crys- 
tal layer and a part of separation layer originally formed 
on the surface of the first substrate were transferred to 
the second substrate. A remaining part of the separation 
layer was left on the surface of the first substrate. After 
the separation, the second substrate was annealed at 
1000°C. Thereafter, the separation layer transferred to 
the second substrate was polished and removed with 
CMP device, and its surface was smoothed. 
[0151] Specifically, a single-crystal Si layer having a 
thickness of 0.2 u.m could be formed on the oxidized Si 
film. For all in-plane faces, the thickness of the single- 
crystal Si layer formed on the insulating layer as de- 
scribed above was measured in 100 points or positions. 
As a result, the uniformity of the film thickness was 201 
nm ± 7 nm. 

[01 52] As a result of the observation of a cross section ss 
by a transmission electronic microscope, it was con- 
firmed that no new crystal detect was introduced to the 
Si layer and that good crystallizability was kept. 



[0153] Furthermore, after thermal treatment was per- 
formed at 1100°C in hydrogen for one hour, surface 
roughness was evaluated with an interatomic force mi- 
croscope. As a result, an average square roughness in 
50 M m square was about 0.2 nm, which was equivalent 
to the roughness of an ordinarily marketing Si wafer. 
[0154] Even when the oxidized film was formed on on- 
ly the surface of the second substrate or on the surfaces 
of the epitaxial layer and second substrate, similar re- 
sults were obtained. 

[0155] Moreover, when the separation layer remain- 
ing on the first substrate is regenerated by etching or 
surface polishing, and hydrogen annealing or another 
surface treatment is further applied if necessary, the 
substrate can be used again as a first or second sub- 
strate. 

[0156] In the example, the surface area of the Si wafer 
is transferred to the second substrate via the separation 
layer by the ion implantation, but an epitaxial wafer may 
be used to transfer the epitaxial layer to the second sub- 
strate via the separation layer by the ion implantation. 
Moreover, after the ion implantation of the example, a 
surface Si0 2 is removed, an epitaxial layer is formed, 
Si0 2 is further formed, then the bonding process is per- 
formed, so that the epitaxial layer may be transferred to 
the second substrate via the separation by the ion im- 
plantation. In the latter case, the surface area of the Si 
wafer is also transferred. 

[0157] In the aforementioned examples for separating 
the composite member, even when the separating force 
is raised, the separation proceeds toward the inside 
from edges of the bonded base substrates without 
breaking one or both of the halfway separated bases. 
Moreover, the separated first base substrate may be 
used again as a semiconductor base substrate for ob- 
taining the next SOI substrate. 

[0158] Additionally, one of the separated base sub- 
strates can be reused in preparing bonded bases, which 
enhances a yield of base substrate separatbn. 
[0159] Moreover, particles generated by the col- 
lapsed separation area can be prevented from causing 
contamination in the process. Furthermore, when the 
separation is performed by another method using no flu- 
id, the separation yield can be enhanced. 
[0160] Additionally, a suitable composite member can 
be prepared in such a manner that when the base sub- 
strate is separated from the separation area forr^-d in- 
side the bonded semiconductor base substraK :• an- 
other composite member, separation does not occi. be- 
fore the separation process, and separation is securely 
performed in the separation process. 



Claims 

1 . A separation method of a composite member which 
comprises separating the composite member into a 
plurality of members at a separation area, a me- 
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chanical strength of the separation area being non- 
uniform, and a mechanical strength of a peripheral 
portion of the separation area being locally low 

2. A preparation method of a semiconductor substrate 
using the separation method according to claim 1 . 

3. A preparation method of a semiconductor substrate 
which comprises separating a composite member 
formed by bonding a first base substrate and a sec- 
ond base substrate to each other into a plurality of 
members at a separation area formed inn a position 
different from a bonded face, a mechanical strength 
of the separation area being non-uniform along the 
bonded face : and a mechanical strength of a pe- 
ripheral portion of the separation area being ioeaKy 
low. 

4. A method according to any of claims 1 to 3 wherein 
the mechanical strength of said separation area is 
lower than that of a/said bonded face of said com- 
posite member. 

5. A method according to any of claims 1 to 3 wherein 
said separation area is a porous layer formed by an 
anodization. 

6. A method according to any of claims 1 to 3 wherein 
said composite member substantially has a disc 
shape, and the mechanical strength of said sepa- 
ration area is high in a central portion of said com- 
posite member, low in the peripheral portion and 
substantially uniform along a circumferential direc- 
tion. 

7. A method according to any of claims 1 to 3 wherein 
the mechanical strength of said separation area is 
made non-uniform by forming layer portions differ- 
ent in porosity from one another. 

8. A method according to any of claims 1 to 3 wherein 
the porosity of said separation area is set higher in 
the peripheral portion than in the central portion. 

9. A method according to any of claims 1 to 3 wherein 
the mechanical strength is made non-uniform by 
forming portions different in thickness from one an- 
other in said separation area. 

1 0. A method according to claim 5 wherein said porous 
layer is formed thicker in the peripheral portion than 
in the central portion. 

11. A method according to any of claims 1 to 3 wherein 
said separation area comprises a plurality of layers 
different in mechanical strength. 

1 2. A method according to any of claims 1 to 3 wherein 



said separation area comprises a layer high in po- 
rosity and a layer low in porosity. 

13. A method according to claim 1 2 wherein the poros- 
s ity of said layer high in porosity is higher in the pe- 
ripheral portion than in the central portion. 

14. A method according to claim 12 wherein the thick- 
ness of said layer low in porosity is set larger in the 

io peripheral portion than in the central portion, and 
the porosity of said layer high in porosity is set high- 
er in the peripheral portion than in the central por- 
tion. 

is 15. A method according to claim 14 wherein the thick- 
ness cf said layer low In porosity is set larger in the 
peripheral portion than in the central portion of the 
base substrate by changing a current density of an- 
odization in a plane. 

20 

16. A method according to claim 1 5 wherein a sectional 
area in which an ion current of an anodization liquid 
flows in the vicinity of a/said first base substrate 
subjected to anodization is set larger than an area 
25 of said first base, so that a surface density of an 
anodization current flowing into the peripheral por- 
tion is made higher than the surface density of the 
anodization current flowing in the central portion, 
the thickness of said layer low in porosity is made 
30 larger in the peripheral portion than in the central 
portion, and the porosity of said layer high in poros- 
ity formed later is made higher in the peripheral por- 
tion than in the central portion. 

35 17. A method according to claim 15 wherein a current 
guide for controlling a distribution of ion currents 
flowing in the surface of a/said first base substrate 
is provided in the vicinity of the first base substrate 
subjected to said anodization, so that the thickness 
40 of said layer low in porosity is varied in the plane. 

18. A method according to any of claims 1 to 3 wherein 
said separation area is a layer formed by ion im- 
planting in which microcavtlies can be obtained. 

45 

19. A method according to any of claims 1 to 3 wherein 
an ion implantation amount of the peripheral portion 
is set larger than that of the central portion. 

50 20. A method according to any of claims 1 to 3 wherein 
a fluid is ejected to the vicinity of said separation 
area to generate a rupture in said separation area. 

21. A method according to claim 20 wherein a water jet 
55 method in which high-pressure water flow is spout- 
ed from a nozzle is used as a method of ejecting 
said fluid. 
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22. A method according to claim 20 wherein a side face 
of said composite member comprises a recess for 
receiving the fluid and generating a force in a direc- 
tion in which the separation area is pushed/extend- 
ed. 5 

23. A method according to any of claims 1 to 3 wherein 
said first base substrate is formed by making a sin- 
gle-crystal silicon substrate partialty porous to form 

a porous single-crystal silicon layer and epitaxially io 
developing a non-porous single-crystal silicon layer 
on the porous single-crystal silicon layer 

24. A method according to claim 23 wherein said first 
base substrate and said second base substrate are 
bonded through an insulating layer, and the insulat- * 
ing layer is formed by oxidizing a surface of the non- 
porous single-crystal silicon layer of said first base. 

25. A method according to any of claims 1 to 3 which 20 
comprises implanting ions in a predetermined depth 

of a first base substrate comprising a single-crystal 
semiconductor to obtain as said separation area an 
ion-implanted layer in which a microcavity layer can 
be obtained; bonding said first base substrate and 2S 
a second base substrate to obtain the composite 
member in which an ion- implanted face of said first 
base substrate is positioned inward; and ejecting a 
fluid to a side face of said composite member to 
separate said composite member 30 

26. A method according to any of claims 1 to 3 wherein 
a side face of said composite member comprises a 
recess for receiving a fluid and generating a force 

in a direction in which an ion-implanted layer is 3S 
pushed and extended. 

27. A method according to claim 25 wherein said ion- 
implanted layer has a lower mechanical strength 
than said bonded face. *o 

28. A method according to any of claims 1 to 3 wherein 
a difference between a porosity ol said peripheral 
portion and a minimum value of the porosity is 5% 

or more. 45 

29. A method according to any of claims t to 3 wherein 
a difference between a porosity ol said peripheral 
portion and a minimum value of the porosity is t0% 

or more. 50 

30. A method according to any of claims 1 to 3 wherein 
a porosity of said peripheral portion is selected from 
a range between 20% or more and 80% or less. 

55 

31. A method according to any of claims 1 to 3 wherein 
a porosity of said peripheral portion is selected from 
a range between 35% or more and 80% or less. * 



32. A method according to any of claims 1 to 3 wherein 
a porosity ol said central portion is selected from a 
range between 5% or more and less than 35%. 

33. A method according to any of claims 1 to 3 wherein 
a porosity of said central portion is selected from a 
range between 5% or more and less than 20%. 

34. A method according to any of claims 1 to 3 wherein 
said separation area comprises a portion with a high 
mechanical strength larger than said peripheral por- 
tion. 

35. A method according to any of claims 1 to 3 wherein 
said separation area comprises a portion with a high 
mechanical strength tn a position deviated from a 
center of said composite member 

36. A composite member comprising a separation area 
inside, a mechanical strength of the separation area 
being non- uniform along a surface of the composite 
member, a mechanical strength of a peripheral por- 
tion of the separation area being locally low. 
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FIG. 6 A 
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